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Proanure and owcr dependence in the infrared lamer photolysie
fof I-chloro-l-f uoruethylene: Experiment and modeling calculations

N. S. Nogar*
CNC-2, US 738, Los Alamos National Laboratory

Loe Alamoa, N:~dUexico 87545

W. A. Jalenak
Department of Chemistr University of Nebraska

Lincoln, Ne~;aska 685138

Abetract

Dissociation of the title compound following infrared mulciphoton excitation was moni-
tored via infrnrcd fluorescence of che produc?s, either HC1* or HF*. Total diagociation
yield and branching ratio were monitored ae functions of,
lytk incenaity,

reapcctively, preaaure and photo-
A rate equatlona model of the excitation and diaaociation proceaa ia shown

to be consistent with both aeta of data.

Introduction

The puleed infrared laacr Lnduced photochemistry of l-chloro-l-fluoro ethylene waa invea-
tiuated as a avatem from which muximal LnformatLon could be obtained. This molecule puaacg~cn

x’
tho

distinct ab~orption bonds in the spectral re~ion acceaaible wittI a C02 laser: the ~;fi
planar rock at L1O.63U und the first overtone of the ‘J,, out of plane CFCL wag.’ Further,
molecule is capable of undergoing di~gociation via two molecular channela

,—E HCCC1 + HF

CHZ-CFC1
--l

(1)

~HCCF + HC1



m

dacreaae il: eignal with increasing pressure at higher preeaures. The high pressure limit is
imposed by the occurrence of dielccrric breakdown. Figllre 5 shows the dependence of rhe
branching rutio (ratio OF HF to HC1 yields) on the intensity of the photolytic pulse The
hi h pulse energy Li!nic stems from che limited output avdilable at 10.632 ~m, while L,,e low

fpu ee ●nergy limit is imposed by a decline in total siglal with decreasing pulse energy.

A rate equationss,G model af the excitation-dissociation process can be used to interpret
these reeulcs. While the rate-equations approach may not be a valid description of the exci-
tation process under all conditions, ~ it probably describes optical pumping through che

!
uaaicontinuum arlequacely, and is particularly well skited to describe infrared laser in-
uced chemistry at relatively high pressure, where CO1lISIO.IS tend to disrupt coherent ef-

fects.n We thus anticipate that rate equationa, with the proper choice of optical excita-
tion and collisional deactivation models, will accurately reflecc the pressure dependent be-
havior observed in these experiments. Further, LO the extent chat p~mping through the quasi-
contimncn, rather than through the rliscrecc lower levels,’ determines the disaocLacion yield,
the rate equations will also describe the power dependence of the competing dissociaclon
channels.

Our rate equations are energy-grained into approxhnacely 30 levels,
corresponding to chc cncr~;y or rhe incident laser photons, ‘~2.I kcaL.
enerty level can be described by:

.

with level separations
The population of any

(2)

Ncfcrcnccs-— -.--— .
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Figure 1. Schematic of experimental
Total reeponae time of the system la

Figure Captions

apptiratue, The infrared detector is L-Nz cool~d InSb,
sO.5 vsec.

Figure 2. Emission in the region 2.0-2.7 Ilm, due to HF fluorescence.

Figure 3. Emiseion is the region 3.1-4.1 vm. The fast-decaying component ia aaeumcd due to
fluorescence from the quauicontinuum of CH~=CFCl, while the elow decaying component is due
to HC1 fluorescence.

Figure 4. Dependence of the HF yield on N7 presuure. Yields are taken from the t=O inter-
cept of the semilog plots oi fluoresccnc~ dccaya, ~xperimental dara, ● ; numerical sir,wla-
tion, U.

Figure 5. Dependence of the HC1/hr branching ”ratio u,l iuaer pulse energy. Experimental
data, ● ; numerical simulation, A.
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